The increase in incidence of colonic diverticular bleeding is relative to an age-related rise in the incidence of colonic diverticulosis and use of antithrombotic medication. However, risk factors related to the onset, recurrence, and prophylaxis have not been established. Therefore, we aimed to determine risk factors for the onset and recurrence of colonic diverticular bleeding.
Introduction
Diverticula are the most frequently encountered anatomic alteration of the colon. Colonic diverticula are characterized by herniation of the mucosa and submucosa through defects in the muscular layer of the colonic wall at the sites of penetration by vasa recta. [1] Colonic diverticulosis is highly prevalent and is increasing in incidence in both Asian and Western countries. [2, 3] The colonic distribution of diverticula vary between countries, with diverticula found primarily in the left-sided colon in Western countries and the right-sided colon in Asia. [4] [5] [6] The cases of colonic diverticular bleeding are increasing in relation to the rising incidence of colonic diverticulosis and antithrombotic drug use. [7] Although the mechanism of colonic diverticular bleeding is not fully understood, it is thought to be caused by a rupture of the vasa rectum at the neck or dome of the diverticulum. [8] Colonic diverticular bleeding ceases spontaneously in 70% to 90% of cases. [9, 10] However, approximately 4% of patients with colonic diverticulosis suffer from severe diverticular bleeding. [11] Patients with colonic diverticular bleeding are at increased risk for recurrence. [1, 12] Therefore, understanding the risk factors for diverticular bleeding is crucial for guiding the clinical management of patients. The risk factors related to colonic diverticular bleeding and appropriate prophylaxis have not been fully elucidated. In this study, we aimed to determine the risk factors for the onset and recurrence of colonic diverticular bleeding.
Materials and methods

Study design, setting, and participants
We performed an age-and sex-matched, case-control study to investigate the various risk factors (listed in the following section) for the onset and recurrence of colonic diverticular bleeding. Medical records of inpatients were retrospectively evaluated to get detailed information. Between January 2009 and December 2016, 102 patients with colonic diverticular bleeding were admitted at the Hyogo College of Medicine. Two bleeding patients with colonoscopy withdrawal time less than 6 minutes were excluded to maintain the accuracy of detection. [13] Finally, this study included 100 patients admitted with colonic diverticular bleeding, and 200 age-and sex-matched controls with asymptomatic colonic diverticulosis. Control patients had undergone colonoscopy with a withdrawal time more than 6 minutes during the same period, but had not experienced colonic diverticular bleeding or any intestinal surgery. The reasons for endoscopy of control patients included polyp treatment and screening for colorectal neoplasm and inflammation. Detection of colorectal cancer extending beyond the mucosa or inflammatory bowel disease was criterion for exclusion of control patients. Of the 100 patients with diverticular bleeding, 5 underwent surgical treatment and 95 were managed nonoperatively when first admitted to our hospital. The 95 nonoperative patients were further categorized as either having a first-time bleed (n = 71), or prior history of bleed (n = 24). Both patient groups (those with first-time bleeding and those with prior history of bleeding), were monitored for recurrence. Furthermore, the former patient group was compared to identify risk factors for rebleeding. Recurrence was defined as rebleeding after initial discharge. Data of patients who were not followed up, or who died, were considered censored. When medical records were not sufficient, telephone interviews were performed. The study protocol was approved by the Ethics Committee/Institutional Review Board of Hyogo College of Medicine, Japan (No. 201701-024).
Risk factors
Risk factors were identified by comparisons between the patients and controls. Patient information used for this study included location of diverticulosis, height, body weight, medication use, comorbidities, and whether they underwent hemostasis and colonoscopy within 24 hours of admission. Location of diverticulosis was defined as right sided, involving the transverse or proximal colon; left sided, the descending or distal colon; or bilateral, the entire colon. Patients were asked about the use of nonselective nonsteroidal anti-inflammatory drugs (NSAIDs), selective cyclooxygenase-2 (COX-2) inhibitors, low-dose aspirin (LDA), non-aspirin antiplatelet drugs, anticoagulants, steroids, and proton-pump inhibitors (PPI). For this study, LDA was defined as being separate from nonselective NSAIDs because of its antiplatelet function. Anticoagulants consisted of direct oral anticoagulant (DOAC) and warfarin. If medications were used intermittently, they were not included. Comorbidities encompassed hypertension, dyslipidemia, diabetes mellitus, cerebrovascular disease, and ischemic heart disease. Patients were considered to have a specific comorbidity if they had been diagnosed with it in the past or were currently taking medication to treat that particular condition. Vascular disease was defined as a history of cerebrovascular disease and/or ischemic heart disease.
Diagnosis of colonic diverticular bleeding
Patients and controls underwent a complete colonoscopy following bowel preparation with a cleansing agent containing polyethylene glycol. However, a few patients who were unable to tolerate the bowel preparation, given their poor functional status, underwent an enema. The timing of colonoscopy was decided at the discretion of the physicians. A definitive diagnosis of diverticular bleeding was made by colonoscopic visualization of diverticulum exhibiting the stigmata of recent hemorrhage (such as active bleeding, a visible vessel, or an adherent clot). A presumptive diagnoses of recent diverticular bleeding was made when bright blood clots were found in the colon in the presence of diverticulosis and no alternative source of potential bleeding could be identified by additional testing, including esophagogastroduodenoscopy and/or capsule endoscopy. [14, 15] 
Statistical analysis
The number of participants in each arm of this case-control study was calculated to obtain results with an a of .05 and a power of .90. We calculated that 231 subjects including 77 cases and 154 controls were needed.
To determine the risk factors of colonic diverticular bleeding, we estimated the odds ratio (OR), the hazard ratio (HR), and 95% confidence interval (CI). Body mass index (BMI) was compared using the Mann-Whitney U test, whereas location of diverticulosis, comorbidities, and medications were compared using the chi-square test or Fisher exact test by univariate analysis and the unconditional logistic regression by multivariate analysis. Recurrence rate was calculated using the Kaplan-Meier method. Risk factors for recurrence of colonic diverticular bleeding and HR were evaluated using the Mann-Whitney U test and the logrank test. Factors that had P values less than .05 on univariate analysis were used in multivariate analysis. All reported P values were 2-sided and those less than .05 were considered to be statistically significant. SPSS 22.0 (SPSS Inc., Chicago, IL), was used for statistical analyses.
Results
Characteristics of patients
The demographics and characteristics of cases and controls are summarized in Table 1 . The age range of cases and controls were 29 to 90 and 35 to 93 years, respectively. Mean of the BMI was not different between the 2 groups. Nineteen cases (19.0%) were diagnosed as definite colonic diverticular bleeding. Colonoscopy was performed within 24 hours of admission in definitive cases (15/19, 78 .9%) and presumptive cases (57/81, 70.4%) (P = .576). The timing of colonoscopy was not related to the identification rate of responsible diverticulum. In presumptive cases, 48 cases (59.3%) received esophagogastroduodenoscopy and 15 cases (18.5%) received capsule endoscopy. Transfusions were needed in 35 cases (35.0%). No patient died of diverticular bleeding.
Risk factors of colonic diverticular bleeding
By using age and sex as the matching variables, we performed a case-control study to analyze the risk factors for the onset of colonic diverticular bleeding. Univariate analysis showed that bilateral colonic diverticulosis (OR, 3.06; 95% CI, 1.84-5.07; P < .001), vascular disease (OR, 2.10; 95% CI, 1.22-3.63; P = .007), nonselective NSAIDs (OR, 3.59; 95% CI, 1.43-8.97, P = .004), LDA (OR, 2.12; 95% CI, 1.21-3.71, P = .008), and anticoagulants (OR, 2.95; 95% CI, 1.37-6.34, P = .004) were Table 1 Characteristics of patients.
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Mean age ± SD, y 70. were taking 100 mg daily. Regarding the bleeding cases, 7 patients were using DOAC (rivaroxaban, 4; edoxaban, 1; dabigatran, 1; and apixaban, 1) and 10 were using warfarin. Prothrombin time international normalized ratio (PT-INR) of warfarin users were significantly higher in the bleeding cases compared to control cases (2.02 ± 0.49 vs 1.32 ± 0.23, P = .009).
As for the control cases, 6 patients were using DOAC (rivaroxaban, 3; edoxaban, 1; and dabigatran, 2) and 7 were using warfarin. There was no difference in the incidence of bleeding between DOAC and warfarin users.
Risk factors for the recurrence of colonic diverticular bleeding
Cumulative recurrence rate for patients being managed nonoperatively at the initial admission to our hospital is shown in Figure 1A . Mean follow-up period was 26.2 months. The recurrence rates at 12, 24, and 36 months were 15%, 27%, and 33%, respectively. Cumulative recurrence rate of patients with or without prior history of colonic diverticular bleeding was significantly different (HR, 2.39; 95% CI, 1.19-6.79; P = .019) (Fig. 1B) . We also assigned patients with a first-time bleeding (n = 71), into groups with and without rebleeding to determine risk factors for recurrence (Table 3 ). The age ranges of patients with and without recurrence were 44 to 86 and 29 to 90 years, respectively. Age, gender, and BMI were not different between the recurrence and nonrecurrence group. Only steroid use was a significant risk factor for recurrence (Fig. 2) . Furthermore, 50% Figure 1 . Kaplan-Meier estimates of cumulative recurrence rate at the initial admission (A) and for patients who had PH and those that did not (B). PH = prior history. (3/6) patients in the recurrence group and 75% (3/4) patients in the nonrecurrence group were using LDA/nonselective NSAIDs with steroids (P = .571).
Discussion
In this case-control study, we found that bilateral diverticulosis, nonselective NSAID use, LDA use, and anticoagulant use were independent risk factors for colonic diverticular bleeding onset. In contrast, selective COX-2 inhibitor use was not identified as an independent risk factor. Regarding anticoagulants, the risk of diverticular bleeding onset between DOAC and warfarin use did not differ. Finally, steroid use was the only risk factor identified for the recurrence of diverticular bleeding. The mean age and male-to-female ratio of patients with initial bleeding of colonic diverticular bleeding were similar to other studies. [16] [17] [18] Early colonoscopy did not contribute to the identification rate of responsible diverticulum in this study. It is not established whether the timing of colonoscopy affects the identification of a bleeding source for patients with lower gastrointestinal bleeding. [19, 20] Some studies consistently reported that bilateral diverticulosis was a risk factor for the onset of colonic diverticular bleeding. [21] [22] [23] It is difficult to evaluate the precise number and location of diverticula by colonoscopy. Although a barium enema study might be the best examination, opportunities for using the examination are decreasing. This study included only patients who had undergone colonoscopy with a withdrawal time more than 6 minutes to reduce oversight. [13] A reason why bilateral diverticulosis may increase the risk for bleeding is that the greater the distribution of diverticula along the colon, the larger the potential for blood vessels to become exposed and the greater the propensity for bleeding.
NSAIDs, including LDA, were reported as risk factors for the onset of colonic diverticular bleeding. [17, [24] [25] [26] NSAIDs reduce prostaglandin synthesis and decrease platelet function through COX-1 inhibition. [27, 28] Therefore, mucosal injury may lead to the development of intestinal erosions and ulcers with a high likelihood of bleeding. In this study, increased dose of nonselective NSAIDs was a significant risk factor. However, the sample size was not enough to conclude that the onset risk depends on the dose. In addition, LDA has a higher affinity for COX-1 than COX-2 and decreases platelet function through the inhibition of thromboxane A 2 production.
Celecoxib, a selective COX-2 inhibitor, has sustained antiinflammatory and analgesic activity similar to nonselective NSAIDs with a lower frequency of upper gastrointestinal ulceration or adverse events. [28] [29] [30] To our knowledge, only 1 study had evaluated whether selective COX-2 inhibitor use was a Figure 2 . Kaplan-Meier estimates of cumulative recurrence rate for steroid user and nonuser. Risk factors for recurrence of colonic diverticular bleeding with a first bleed.
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Mean age ± SD, y 71.6 ± 11.0 70. risk factor for the onset of colonic diverticular bleeding. [17] Both studies, including ours, showed that selective COX-2 inhibitor use was not associated with the onset of colonic diverticular bleeding, although the number of patients using selective COX-2 inhibitors were few. When NSAID withdrawal is difficult, replacement with a selective COX-2 inhibitor might reduce the risk of colonic diverticular bleeding.
In this study, anticoagulant use was an independent risk factor for inducing the onset of colonic diverticular bleeding. This result contradicts findings from previous studies. [24, 31] Although anticoagulants theoretically do not have an effect on diverticular bleeding onset, many patients who use anticoagulants often receive medical care for gastrointestinal bleeding. A possible reason for this observation is that anticoagulants prevent spontaneous resolution of bleeding from impaired mucosa, leading to symptomatic patient presentation. Although previous studies have been imprecise in identifying the difference between DOAC and warfarin, [32, 33] our study demonstrated no difference between DOAC and warfarin in inducing the onset of colonic diverticular bleeding.
PPI is widely used for prophylaxis of upper gastrointestinal bleeding. However, a recent study by Miyake et al reported a worrisome relationship between PPI use and an increased risk of lower gastrointestinal bleeding in LDA users. [34] Another study by Nagata et al had contradictory results, demonstrating no association between concurrent PPI and anticoagulant use with lower gastrointestinal bleeding. [35] Subanalysis of this study further indicated that PPI was not a risk factor for colonic diverticular bleeding. [36] In the present study, PPI use was not an independent risk factor for the onset of colonic diverticular bleeding. To firmly establish the relationship between PPI and colonic diverticular bleeding, additional prospective studies are warranted.
We also evaluated risk factors for recurrence of colonic diverticular bleeding. Our results demonstrate recurrence rate and mean follow-up period similar to previous reports. [9, 15, [37] [38] [39] [40] Interestingly, there was a significant difference between recurrence rate for patients who had a prior history of colonic diverticular bleeding and those that did not. In patients who had already experienced at least 1 prior bleeding episode, the recurrence rate was as high as 51% over 2 years. Although it has been reported that the recurrence within 1 month from the initial bleeding was not associated with a prior history of colonic diverticular bleeding, [41] McGuire et al reported that the chance of a third bleeding after a second episode was as high as 50%. [11] Our result was in agreement with the latter report. Despite these high recurrence rates of bleeding, surgery was often not used as a treatment modality for recurrent colonic diverticular bleeding. In fact, only 7 patients underwent surgery among 100 patients during the follow-up period in the present study. The most common reason cited for avoiding surgery was risk, as patients with colonic diverticular bleeding are often elderly with multiple comorbidities. Additionally, the identification of diverticulum responsible for bleeding is challenging, with only 17% to 40% being identified via colonoscopy. [16, 39, 42, 43] Therefore, without knowing the origin of the bleeding, it is difficult to discern which colonic segment should be resected. However, when colonic diverticular bleeding recurs, patients invariably require hospitalization. In turn, hospitalization detrimentally affects patient's quality of life and increases risk of mortality. Our study results can guide clinical decision making to reduce the likelihood of initial diverticular bleeding, rebleeding, and prevent hospitalization.
We also assigned patients with first-time bleeding into groups with and without rebleeding during the follow-up period to determine the risk factors for bleeding recurrence. We found that steroid use was a significant risk factor for the recurrence. This is likely due to steroids causing impaired and delayed mucosal healing, which in turn increases the probability of rebleeding. [44] A number of limitations are present in our study, which may require further investigation. First, it was a retrospective study in a single institution. As our institution is a tertiary care center, most patients already have various comorbidities and take numerous medications. A multicenter cohort study would provide strong evidence and reduce the risk of Berkson bias. However, collecting all patient medication information is not easily accomplished in a retrospective analysis, as medications are often prescribed in different hospitals or clinics. A second limitation is that a few patients were unavailable for follow up.
To minimize this limitation, we conducted telephone interviews. Finally, the sample size for some factors is small. Especially, there is not enough power for the detailed analysis of medications including type, dosage, and duration. Prospective studies to assess these factors are warranted.
In conclusion, this study indicates that extensive distribution of diverticulosis and use of LDA, nonselective NSAIDs, and anticoagulants are regarded as risk factors for the onset of colonic diverticular bleeding. The risk of colonic diverticular bleeding onset was not different between DOAC and warfarin. In addition, recurrence rate was significantly different between patients who had a prior history of colonic diverticular bleeding and those that did not. Steroid use was regarded as a risk factor for bleeding recurrence in patients with first-time bleeding of colonic diverticular bleeding.
